Abstract. Blades are critical parts of aero-engine and nuclear turbine, and it is important to inspect blades by optical method accurately. In this paper, an optical scanning device is designed for inspecting blades. In general, the main external factor affecting the accuracy in the process is environmental vibration, the following parts studied the influence of environmental vibration on the device. First, the characteristics of the environmental vibration are analyzed to find out the frequency range affecting the inspection accuracy. Second, the intrinsic frequency of the device is obtained by modal analysis. Third, the response of the device under external vibration is obtained by simulation experiment. At last, experiments show that the inspection accuracy is 0.0277mm when the environmental vibration frequency is equal to the intrinsic frequency, which can meet the inspection requirements very well.
Introduction
Blade inspection using optical method is important in the field of computer vision and automation manufacturing. Optical scanning device can inspect the blade in a fast and automatic way. At the same time, this method has high accuracy and stability [1] . Recently, Breuckmann company produced a new optical device, which was enough to inspect geometric deformation of a blade by adopting the techniques of structured light projector [2] . GE company used a more time-saving and cost-saving control method rather than the conventional CMM method, which reduced the inspection time and obtained more conclusive and easily transferrable measurement results obviously [3] . Heo et al. presented a computer-aided measurement plan using a CMM based on the CAD model, which could divide the blade surface into several measuring parts [4] . Li and Ni proposed an iterative method of non-rigid registration for 2D blade section profile reconstruction [5] .
For these optical scanning devices, environmental vibration is an important aspect affecting the accuracy of the device. The evaluation of environmental vibration is to ensure that the device error is in the allowable range [6] . Duan and Hao combined the finite element method with the multi-body system simulation method to establish the body dynamics model, and the main loads were obtained through simulation [7] . Celebi and Schmid used the Thin Layer Method/Flexible Volume Method and the Boundary Element Method to establish a three dimensional dynamic response model, then the validity of the methods were demonstrated by comparison with results of analytical solution [8] . Zhao and Xu established the virtual prototype model based on the mechanical system dynamics analysis software ADAMS. And it proved that the damping of the system effectively restrain the vibration through the simulation of vibration source [9] .
In this paper, an optical blade inspection device named iBlade ScanⅠfor casting/forging blades is designed, which meets the required inspection accuracy very well. Vibration is one of the most important environmental factors affecting the precision of the device, so it is necessary to identify the environmental vibration in required range. This paper is organized as follows: Different vibration sources affecting the inspection accuracy are found and sensitive vibration frequency range for precision device is established in Section 2 according to the national standard. Following that, the software ADAMS are used to obtain finite element model, intrinsic frequency and vibration model of the device. Inputs and outputs are defined to finish the simulation experiment of external vibration source in Section 3. Finally, experiments and conclusions are given in Section 4 and Section 5, respectively.
Characteristics of Environmental Vibration
Environmental vibration is caused by the different vibration sources, and the test results need to be compared with the allowable error to evaluate the accuracy of the device under environmental vibration. When the error of the device is less than the permissible error, the device can be used in the current environment conditions. Factors related to the environmental vibration include the direction of vibration, the frequency of the vibration and the time of the vibration.
The source of the environmental vibration mainly includes:
(1) Vibration caused by human production activities. Traffic equipment, staff walking, and using of the power machinery equipment. This kind of vibration has wide frequency band and large amplitude, which has an increasing effect on precision device.
(2) Vibration caused by natural activities. Typhoons, storms and other climate change. This kind of vibration is random, and the vibration frequency is low.
The environmental vibration frequencies of the main sources are shown in Table 1 [10]. The measured environmental vibration shows that all kinds of vibration wave generated by vibration sources are random and superposition. According to existing environmental vibration standards at home and abroad, and considering the characteristics of different vibration sources, vibration sensitive frequency range for precision device is 1~150Hz.
3 Modal analysis of device 3.1 Finite element model of the device. The structure of the device is complex, so actual structure need to be simplified for convenience. The simplified model is shown in Fig. 1 . The parts of the device can be divided into grid, and the finite element model is shown in Fig. 2 . According to the actual situation, the material properties (density, yonug's modulus, Poisson's ratio) of the device can be specified and they are shown in Table 2 . 
Modal analysis of device.
Modal analysis is used to calculate the intrinsic frequency and vibration model of the device, and it is also the precondition of random vibration analysis. The former 6 modal vibration modes and intrinsic frequency can be obtained by Adams. The former 6 modal intrinsic frequency is shown in Table 3 . The former 6 modal intrinsic frequency are all in the range of the vibration of the factory environment. The results of modal vibration modes are shown in Fig. 3 . The horizontal vibration of the input 2 was added to the device, and the responses of the output 3~8 are shown in Fig. 6 . The vertical vibration of the input 2 was added to the device, and the responses of the output 3~8 are shown in Fig. 8 . The variation trends of the vibration are similar at the six output points. The fluctuation range of the low frequency area (0Hz~10Hz) is very small. The energy is more concentrated and the fluctuations are more obvious between 10Hz and 150Hz, and the amplitude of the frequency response has a sudden change at the intrinsic frequency.
Combining the above results with the environmental vibration value, it is concluded that there is a big influence on the precision of the device between 10Hz and 150Hz. Thus, it is necessary to test the precision of the device under the environmental vibration by experiments.
Experiments
The vibration source is used to simulate the actual working condition of the device. Vibration test platform mainly consists of the following equipment: Modal 110 vibration exciter and MB 500 VI power amplifier produced by Dynamic MB Company, SCADAS III signal collection system produced by LMS Company. The measurement error of the device can be tested under the vibration, so we can determine whether the device meets the accuracy requirements in the factory environment. In this paper, the effects of vertical and horizontal vibrations on the device accuracy are considered.
Effect of horizontal vibration.
Measuring of the standard ball diameter can determine whether the accuracy of the device meets the requirement. In the experiments the standard ball is shown in Fig.  9 and its diameter is 50.8055mm. When there is no external vibration source, the measured diameter of the standard ball is 50.7856mm. The horizontal vibration of the device is shown in Fig. 10 , and the error of the device is measured by the random signals with different frequencies. Figure 9 . The measurement of the standard ball diameter Figure 10 . The horizontal vibration on the device
When there is a horizontal vibration, the experimental results are shown in Table 4 . When there is a vertical vibration, the experimental results are shown in Table 5 . 
Conclusions
The vibration sensitive frequency range for precision device is 1Hz~150Hz by relevant standards. This article figures out and testifies that the former 6 intrinsic frequency of the device is 19.68Hz, 24.23Hz, 33.49Hz, 49.64Hz, 55.4Hz and 63.2Hz, respectively. When the frequency of external vibration is between 10Hz and 150Hz, there is a big influence on the precision of the device. At last, it is concluded that the error of the device is smaller than the allowable error under environmental vibration. The precision of the blade inspection can reach 0.0277mm, which meets the requirement of blade inspection device very well. The inspection device can be gradually applied into the margin detection and deformation correction of nuclear power forged blades.
